Introduction

31
Ion exchange, also known as chemical strengthening, is a process whereby the 32 original glasses are immersed into a molten alkali salt at a temperature below the glass 33 transition and this results in glass strengthening [1] [2] [3] [4] . Ion-exchange has been used for 34 one century to modify the surface properties of glass [5] . As the main material for 35 fabricating touch panels of popular display devices, as well as forward facing aircraft 36 and other windscreens, the scratch-proof property is an important requirement [3, 6] .
37
The hardness, which is apparently related to abrasion resistance, has often been used 38 as an approximate measure of the scratch-proof resistance property [7] . Indentation is 39 a convenient method to evaluate mechanical properties such as hardness and Young's 40 modulus [8] . The indentation process involves the elastic-plastic deformation of 41 materials [9, 10] . According to Johnson [11, 12] , the indentation process can be 42 divided into three distinct regimes, including elastic, elastic-plastic and fully plastic.
43
The elastic-plastic transition regime is hard to understood due to its complexity of the et al. [13] indicated that the onset of plasticity during nanoindentation of a Zr-based 47 bulk metallic glasses (BMGs) occurred at a discrete displacement burst (named as 48 "pop-in"). The elastic-plastic transition on single crystals of platinum was studied 49 statistically with nanoindentation as a function of temperature and indentation rate by 50 Mason et al. [14] . The "pop-in" phenomenon which is related to the elastic-plastic 51 transition regime in indentation experiments is also observed in ceramic and glass 52 materials. The onset of plasticity was seen as a sudden displacement discontinuity in 53 the load-displacement curves in low-load indentation experiments in ceramic single 54 crystals by Page et al. [15] . Mao et al. [16] indicated that the first "pop-in" indentation 
127
The recovery ratios which are defined as the ratio between the final depths of 128 penetration (hf) and the maximum depths of penetration (hmax) of the raw and is very small (increases less than 1.0%).
153
The sensitivity to loading rate, m, is defined as the slope of the plot of indentation height of the shear planes in nanoindents on the raw glass (Fig. 9c) is larger than that 174 on the ion-exchanged glass (Fig. 9d) .
176
Discussion
177
The reproducibility of the six load-depth curves in Fig. 1 denoted by the black filled points in Fig. 10a and Fig.10b . These "pop-ins"
226
correspond to the spikes in the velocity response shown in Fig. 10c and Fig. 10d .
227
Indentations beyond the first "pop-in" exhibit measurable residual displacements after 228 unloading [53] . It is found that these critical loads are rate dependent and is 4. 6 ion-exchanged glasses as a function of loading rate is shown in Fig. 11 . The critical
shear stress increases with loading rate for both the raw and the ion-exchanged glass.
261
The variation trend of critical shear stress with loading rate is similar to the tendency than that on the raw glass (Fig. 9) 
313
The nanohardness of the raw and ion-exchanged aluminosilicate glass also 
518
Arrows are highlighting some of the flow lines. 
